The binding of Ag(I) to PAMAMG1NH2 and PAMAMG2OH was evaluated by ESI-MS. The mass spectrum of a solution containing PAMAMG1NH2 alone shows that ions corresponding to the +1 and +2 charge states of the intact dendrimer are present, in addition to ions corresponding to DDMs containing defects, such as a missing branch. As shown in Figure 3B , the only Ag + /PAMAMG1NH2 complexes present in the mass spectrum of a solution containing equimolar concentrations of PAMAMG1NH2 with AgNO3 have a 1:1 binding stoichiometry. These results are consistent with past electrochemical and spectroscopic studies of solutions containing Ag + and PAMAMG1NH2 in solution. (Figure 1) . 3 The ability to synthesize metal well-defined core sizes has important implications for the study of the size-dependant photochemical, nd optical behavior of metal clusters. Polyamindoamine (PAMAM) DDMs comprise one family of ve been used to stabilize small metal clusters of defined size. 4 Upon reduction, the PAMAM polymer es and subsequently stabilizes the metal clusters, thus preventing agglomeration. These metal well defined sizes due to the uniform three-dimensional structure and functional group composition of NTAL generation 1 PAMAM and OH-terminated generation 2 PAMAM dendrimers (Figure 2) were endritech, Inc. (Midland, MI) or Aldrich Chem. Co. (Milwaukee, WI) and were used without further ons containing a mixture of either dendrimer and silver nitrate were prepared at dendrimer/silver g from 1:5 to 5:1 in 50% methanol/water. To transform the dendrimer bound Ag + to the zerovalent razine was added at twice the concentration of the silver. Samples were infused at 3 µL/min into a CQ Duo mass spectrometer (San Jose, CA). The ESI source was operated in positive ion mode y voltage of 4.0 kV and a heated capillary temperature ranging from 125 to 175 °C. 
TION
s) comprise a class of highly branched synthetic polymers that have unusual chemical and structural ition to numerous applications in fields such as medicine, chemistry, materials science, biology and rs can serve as templates for metal nanoparticle synthesis (Figure 1) . 3 The ability to synthesize metal well-defined core sizes has important implications for the study of the size-dependant photochemical, nd optical behavior of metal clusters. Polyamindoamine (PAMAM) DDMs comprise one family of ve been used to stabilize small metal clusters of defined size. 4 Upon reduction, the PAMAM polymer es and subsequently stabilizes the metal clusters, thus preventing agglomeration. These metal well defined sizes due to the uniform three-dimensional structure and functional group composition of NTAL generation 1 PAMAM and OH-terminated generation 2 PAMAM dendrimers ( Figure 2) were endritech, Inc. (Midland, MI) or Aldrich Chem. Co. (Milwaukee, WI) and were used without further ons containing a mixture of either dendrimer and silver nitrate were prepared at dendrimer/silver g from 1:5 to 5:1 in 50% methanol/water. To transform the dendrimer bound Ag + to the zerovalent razine was added at twice the concentration of the silver. Samples were infused at 3 µL/min into a CQ Duo mass spectrometer (San Jose, CA). The ESI source was operated in positive ion mode y voltage of 4.0 kV and a heated capillary temperature ranging from 125 to 175 °C. ation mass spectrometry (ESI-MS) has been established as a powerful technique for the analysis of olecules as a result of its ability to gently transfer species from solution to the gas-phase while mentation of the analyte, allowing for accurate molecular weight measurements and minimal sample h of the past work done in this area has focused on using ESI-MS to evaluate the molecular weight gmentation of DDMs in the absence of metal ions or nanoparticles. In this study, ESI tandem mass ployed to characterize the binding stoichiometry and structural features of non-covalent complexes oly(amido) amine dendrimers and silver ions in addition to the detection of silver nanoparticles that are duction of solutions containing Ag + /dendrimer complexes. Figure 4 shows that Ag + /PAMAMG2OH complexes with 1:1 binding stoichiometries were also observed in ESI mass spectra of complexes containing equimolar concentrations of AgNO3 and PAMAMG2OH. Interestingly, the abundance of the ions corresponding to the intact dendrimer with one or more sodium atoms are much more abundant in the spectra of PAMAMG2OH than in those containing PAMAMG1NH2. It is likely that sodium present as a contaminant in the ESI source can form complexes with deprotonated terminal hydroxyl groups of the PAMAMG2OH DDM.
AND DISCUSSION

PAMAMG2OH Binding to Ag +
A: PAMAMG1NH 2
Figure 5: CAD product ion spectra for complexes containing PAMAMG1NH2: (A) CAD of [PAMAMG1NH2 + H + ] and (B) CAD of [PAMAMG1NH2 + Ag + ] +
Reduction of Ag + /PAMAM Complexes
In addition to evaluating the binding of Ag + to PAMAM DDMs, it is also of interest to study the complexes formed between zerovalent silver species and the DDM. To reduce the DDM-bound Ag + to zerovalent silver, hydrazine was added to the solutions. Electrochemical and UV-vis experiments confirmed the presence of the zerovalent silver species upon the addition of hydrazine. An example of these results is shown in Figure  7 . The UV-Vis spectra of PAMAMG1NH 2 at different concentrations with 0.12 mM Ag + are shown in Figure  7A . The absorption of the Ag + /DDM complex at ~284 nm increases with increasing AgNO 3 concentration. The addition of 0.03 mM hydrazine into a solution containing Ag + /DDM complexes caused a shoulder to develop (~345 nm) and a new peak to appear~410 nm ( Figure 7B ). Both of these changes are attributed to the formation of silver nanoparticles. 
A: PAMAMG1NH 2 and AgNO 3
CONCLUSIONS
The results of this study demonstrate the use of ESI-MS to evaluate the metal binding of PAMAM dendrimers. Som conclusions are:
•PAMAMG1NH 2 and PAMAMG2OH dendrimers tend to bind Ag + with a 1:1 binding stoichiometry, however at higher Ag + /D ratios, PAMAMG2OH does form 2:1 complexes.
•CAD experiments were undertaken on the Ag + /DDM complexes and a variety of fragmentation pathways were observed. spectra indicate that the silver ion is retained by dendrimer fragments, rather than being ejected.
•Experiments involving the detection of silver nanoparticles after reduction of the Ag + by hydrazine were also conducted. The these studies suggest that any complexes containing the nanoparticles are present with very low abundance.
Future experiments will involve improvement in the detection of low abundance complexes involving silver nanoparticles. 
CAD Studies of Complexes Containing PAMAM DDMs and Ag +
In addition to using the full-scan mass spectra to evaluate the silver binding of the PAMAM dendrimers, CAD experiments were performed on all complexes to gain structural information about the complexes. In general, the fragment ions produced upon collisional activation of the Ag + /PAMAMG1NH2 complexes indicate that the silver ion(s) are retained and similar dendrimer fragments are lost, regardless of the presence of silver. Examples of these fragmentation patterns are shown in 
Hydrazine Reduction of Ag + /PAMAMG1NH 2 Complexes
ESI-MS experiments aimed at evaluating solutions containing Ag + and PAMAM DDMs before and after the addition of hydrazine were conducted to determine if the formation of very small silver clusters (a few atoms) could be determined using ESI-MS. The ESI-mass spectrum of a solution containing PAMAMG1NH2 at 10 µM and AgNO3 at 20 µM is shown in Figure 8A . The only Ag + /PAMAMG1NH2 complexes present have a 1:1 binding stoichiometry. The ESI-mass spectrum of the same sample after the addition of 80 µM hydrazine is shown in Figure 8B . While there are no dramatic changes to the spectrum, a closer examination reveals the formation of a complex at ~m/z 887 (see red asterisk in Figure 8B ), corresponding to the [ddm + 3 x Ag + Na + + H + ] +2 complex. This peak is not present in the mass spectrum of the sample before the hydrazine reduction, nor are any complexes with 3:1 silver/DDM binding stoichiometry present prior to the reduction (see blow-up of spectra in Figure 8) .
The ion at m/z 887 was subjected to CAD. In addition to losses of NH3 and a c moiety, an ion at m/z 1430 is present suggesting that all three silver and sodium atoms are lost with a single positive charge. It is likely that the silver species were neutral and the sodium retained the charge. These results suggest that the complex at m/z 887 contained a small cluster of three silver atoms. The CAD spectra of the Ag + /PAMAMG2OH complexes were also evaluated. 
The hydrazine reduction of Ag + /PAMAMG2OH complexes was also examined by ESI-MS. The mass spectrum of a solution c µM PAMAMG2OH and 40 µM AgNO 3 is shown above in Figure 9A . Only Ag + /DDM complexes with 1:1 and 2:1 binding stoic present in the spectrum. Upon the addition of 80 µM hydrazine, some low abundance complexes are observed in the upper (see blow-up of spectrum, Figure 9B ) . The ion at m/z 1876 is consistent with a [PAMAMG2OH + 4 x Ag + 2 x Na + ] +2 compl ion at m/z 1916 corresponds to the [ddm + 5 x Ag + Na + + H + ] +2 complex. Upon collisional activation of each ion, all of th sodium atoms are ejected as neutrals, suggesting that the silver is bound as a zerovalent species. An example of this f pattern is shown in Figure 9C for the dissociation of of [ddm + 5 x Ag + Na + + H + ] +2 .
-(5Ag/Na) new peak from silver nanoparticle formation
